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We hope to accomplish four things by summarizing the work completed — 
to date by tha Vickeburg Research Centar. Thies work has consisted of da- 
veloping a method of predicting scil moisture without contact with the 
Seii, Tne work has been done for and in cooperation with the U. S. Engi- 


_ neers Asay Mobility Research Center. ad 


Tae firet purpose is to afford our cwn staff a rapid means of re- 
view of past work. it will be used as a training aid in the orientation 
of new workers. For the older hands it wili serve as a ready reference 
for reviewing cartain pheses ef the work end will indicate the reporta in 
which further information is available. 


For our associates in the Corps of Engineere, and for cther Terest 
Experiment Stetiona end Research Centers, we hepe that this summaxy will 
provide a ready reference that will explain our program and the applica~ 
tion ef the work which we may have done together. 


The Vicksburg research program is one of teaswork in research be- 
tween the U. $. Engineers Army Mobility Research Center and the U. §. 
Fotest Service Vieksburg Research Center, ‘This program contains many 
features unique to the research programs both of the Engineers and the 
Forest Service. One ef the purposes of this summary is to assist in ex- 
plaining the program to visitors who are interested ia owr research pro- 
gram and the techniques which we have used. 


Finally, the cummary performs the task of tying together ali of 
the werk of the initial phase of our program, that cf developing ea method 
ef eoil moisture prediction. It would not be apprepriete to make a aubli- 
eation of this work for most of it is already published. However, 2 sim- 
mary which marks the end of the first phase of the program, that is, the 


. @evelopment ef a method of predicting soil mcisture, will be helpful in 


erienting the present phase which consists of {a} improvement of soil 
moisture prediction, and (b} the comhination of soil nolsture prediction 
with strength prediction into a prediction of trafficability. 


Thais summary vas compiled and edited by Arthur W. Krumbach and 
Forest W. Stearns, It includes the work through 1955. 


A supplement has been added which reviews the work thet has bean 


sccompl ished Pathe June 1959. 


RUBERT D. BURKE 
Research Center Leader 
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She work hae coupeised the development and testiag ef a methkad of soil 
goisture pr: ediction for the surface to tuelve inch depth. ‘the purpose 
e€ this review is to aesembie under one cover the highlighte of che 
 @tudies that have been accouplished and the procedures used. Further 
work by the VYieksburg Research Center will consist of vafining the 
method eeparted herein and the development of eoil moleture-strength 
ba gelations and theis application te milicary eraffiesbility. The review 
ig ddvided émee tue wa jor seetiens 2s descvibes below. 


Past = presents the echronolegica? development ef the soliemiceure 


| peadietion wethod. The Latest stage of the work hac been the develonment 
at eqesage moLseuce ered etion relatiess for application without epee fie 
ebudy of the soil moisture regime on the areas fox whieh the prediesion 
wae made, The veperts covering these developments are cited with brief 
| ghotract ts of the. egntente of cach, Annee ated ai tations are given fox 
office ae On 3 nine acess ia the cont tineatal Bnd si Ske tates onc Aleta 
¢ 65 reports 
ieee plaatins fer Hiced dig Bias anid d dhe obfteo "2 en are in 
‘Banuseript Sogite e | 
ss Bare 21 tied udes ¢ : summary ef special s¢ the onal ia 
methods end ins TUmente , which ee eateblisked ‘c ve s “et the 
bi eme met in hemione tion. Some 
ak rei 2 per and hydca- 
: acevial casional Papere of the 
chern 5 t & an i ee aad ae oe uendlie which are available 
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faree sites were established near VYicksourg im 195) as a pliot 
stedy. Zhe following date were taken on a daiiy basis; air and soil 
temperature and soil meisture, humidity, wind movement, pen evaporation, 
water table depth, and reinfell intensity and amount. Development and 
dangity ef vegetation were checked periodically. Seii atudies includes 
profile descriptions, determination of texture, bulk deneity, plasticity, 
gnil strength, and e011 wolature-tension relations. The same procedures 
fer teking date were fallowed closely threughout the succeeding phases 
ef the study. 


fhe gesi of this initial etudy was to determine the daily march 
ef e¢11 moisture through the upper feot of the sail profile in relation 
to rainfall and ether envirernmental factors. 


From the begicning ie was apparent thet soli moisture predictics 
involved tus préoceéses, moisture accretion, and meleture depletion. 
feparate metheds fer predicting each had te be developed. 


Aesretion Prediction 


Et soon beceme evident thet accretion in the 0 te 6 ami 6 toe 12 
iach leyeve wag governed by the amount ef rainieli and the ovailable 
sterage space in the soil. These relationships formed the tasie for ac- 
eretion predietion. The basic assumtien being: when rainfall wae lees 
then available storage, eceretion would be dependent — the amount of 
vainfsil; when rainfall wes greater then available storage, scereciern 
would be dependant upon the amount of storage availabie. 


This led to the formulation of two secretion classes: 


Class 7; Totel rainfall lese then available storage in 
the 6 to 12 inch depth. 7 


Ciass Ii; Total rainfall equal to ox greater than the availa~- 


te storage in the 0 to 12 inch Layer. 


fhe step-by-step procedure used for obtaining Class I end ET ac- 
erection predictions from cally soli-moistures’ and rainfall records is 
@s follaws: 


“i, Tabulace the amount of precipitation for each etorm and the 
molgtuxre content en the day befere and after exch atorm for the 0 te § 
and 6 to 12 inch layer. 


i/ “im the Viekeburg studies moisture content is expressed in inches of 


water ee follows: 


Moisture content, . moisture content. % by weight = bulk dengity x 6 | 
inches per 6 in. unit weight ef water x 106 
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5, Ser each storm. determine the emeunt of aceretion in each 
layer ag the difference "boteen the moleture content before ines 
geelivaing. Eatended accretivn following seme sterms may x 
adding actretion for second aia third dave. 


4, tetermine the miniuem: storm size for hich 26: 
ee follows: Fer sterme Jese than 0.25 inezes, retabul: 
eretioa for the eyo 6 imeh Layers inte groupe of 0.05 & 
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imckee rainfall tne 
tervale aterting with 0.00 - 0.04 inches, then 0.05 - O.09 luchee, ete. 
ietLermine average accretion per 6 inmeh depth fer each greup, kee lower 
tiwit of the smallest rainfall grese having positive accretion is the 
minim: sterm sige, consicering beth Layers. Geees eut all os ea Lease 


then che winigum from the original storm tabulation. At the Fiekociniz 
herbaceens sites the minimum was a sterm of 9.10 inches. At ai tax . with 
R greater vegetal cover ~- @od thus areater intercertion ~ the storm ai 
with moa accretion may be larger. 
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5. Gisasity accretion from remaining storms ic Clasa I oy If. 
$, Plet the data for each accretion class by 6 inch iayer 
eressing aceretien relations by linear regressiens ag fa". lowase! i 


miass Ts Rerizental scale, rainfall 
Vertical scale; eccretion. 


Glaas Ik: Worlszental ecole, svailable storage 
Vertical stale, accretion.” 


Adel cienal work on acevelion Led te ‘the followlag pomeral seme 
clus lov: 


a. Season of the year had little effect upon aceretzion. ‘There- 
fore, Clase = and TZ aceretions vere cerived Fx0e; and applied ta, on 
amaual record cegerdleas ef season, 


& Seeause the study waz concerned cary wite the : peter hana ei 
water im “he surface foot, the amount Lost by runefi and Sy pereolation 
through the suriace foot were variables of secondary impo crtares. 


e, Seach caange as interception ef raingsll by vegetation are 
euteomaticaliy incorporated in the regression of aceretion on available 
gtorage os ralufall. 


d. 2£ veliable accretion relations are to be derived, measures 
ment of geil misture uust be mace before and etter stor. 
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af “Field axiom meLecere content is deft aad a: as the highest: : recurring 
average moisture content measured during the period ef recerd. 
o/ “fypical regressions for Class I and Clase LE storms are shewn im Pig. 


5 + a 


oe 2 « 


7 oF 2 i 


Hee 
mis 
ae 
eee 
oe 
ayy 
££ 
" 
BE 
ake 
@ 
gBe 
i 
ihe 
Tt 
{ouk 
“d ¢ 
ee 
il 
ae: 
aS ? 
8 


a Pex doe. we ‘the. abkeiee record: were selected in which atuemee 
; nate condit tions were — to exist. ‘Summer te the P soopage season 
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pe een ae wes “wepeated so eee a , fasid ly ef evurves was 
erent the call-modstare: ieee (Figure 2) 


} or og pie the proper gee “the overlays were moved 
ermine the dates at hich the ee 
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“! ‘Within each season, the. Tate of moisture loss was essentially 
ilez fox geveral drying cycles at comparable moisture levels for a given 
< re, ‘Daily variation in pan evaporation, humidity, wind and cloud cover 
tested individusily did not correlate with the variation in moisture 


vy 


On some aites, the measurement of a terace eontent did not 
si through a wide enough range to < fereteP depletion oven in euch 


| ata on a soil moisture levels col d be cupmented 


Sie: be 


¢ ater & rz. 8) 
3 ning areas, and Low a Rmidicy. oe ag Geprecion 
hese jah wee merce in the cerivati ion ef ce gekipcel EVEves; 


‘Actual: 2011 moisture content for the two G-inch Leyers on the 
day stexting the prediction period. 


ae ‘Rainfall by storms and dates. 
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3 Fheld » nexium moisture content for cach layers! : 
4 - erived depletion and acerction relations. 


aa 
V5 7 
> ag - 
- 
Bi 


; seal i K 


“The steps in prediction are as follows: 


1. Start with the known moisture contents of the fircet day of 
record. 


2. Wor each suceeeding day with nc storm, the predicted wols- |. 
tyre content is determined from the depletion table. The table is entered 
on the known moleture content, and the moisture content interpolated and 
recorded for succeasive daily intervals. 


3. Qn the occurrence of a storm, the antecedent available 
storage is determined for each 6 inch Layer by subtracting the predicted 
misture contenr of the day before the storm from the maximum woieture 
content. | 


&. The secretion clase is then selected. 


S. The predicted accretion in each layer is read from the ac~- 
exetion graphs. For each storm, the predicted available storage, eccre~ 
tion clasa, and accretion are recorded. 


& The secretions ere added to the molature contents of the 
day before the storm to give the moisture contents following the storm 
fer each depth. 


7. Storms Less than the mininam size are ignored; the pre«- 
dicted moistuve contest io determined from the depieticn curves, as~ 
guming in effect, that on days with those emall stoxms, no rain fehl and 
normel depletion occurred. 


8. If the moisture prediction betyeen atorms extends to low 
moisture contents beyond the depletion curve, use the daily rate of loss 
determined for the dry ond im predicting succeeding woleture contents. 


9. then a transition date is reached, change to the next 
seasonal depletion curve to continue the prediction even though the change 
occurs during « depletion period. ‘The accretion relations are the sane 
the year. 


In some ereas high weter-tables will affect the call moisture re- 
lations. A long range coil moisture prediction, especially during the wet 
wonths, will require consideration of water table depthe. As long as the 
water teble is within 12 inches of the curface the soil molature of the 
surface to 12 inch depth was assumed to remain constant. When the water 
table drops below thie depth, normal acerotion end depktion relacions 
were used with a correction for high water, A semple prediction is illus- 
trated in Table 1, with data from Mound, Lovisiana site. 
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Table 1 
= PREDICTION OF SOLL-MOISTURE CONFENT 


FOR A POORLY DRAENED COMMERCE SILTY CLAY Av MOURD (HERBACKOUS) SITE 
S e pA Moisture Content. in. 

r O- to 6- . 6- te le Kay O- £9 6- 6- to 12-6 

125 in: Depth #$ in. Depth 2952 in.Depth in. Depth 

2.71% 2.85% 

15 2.2608 2.680% 1 1.85 2.42 

16 2.18 2.65 2R 4o38 

17 2.08 2.62 3 « d 

18 1,99 2.58 4, 2.19 2.56 

19 1.91 2.34 5 2.02 2.52 

20 B 1.55 2.0 6 2.93 2.48 

21 R 1.93 2.51 7 1.87 2.44 

22 R 2 .S7 2,32 & 1.82 2.40 

23 2.53 2.72 98 3.78 ano 

24 2.41 2,83 &§ 10 R . 2,39 

25 2.33 2.65 Ll 1.82 2x32 

26 2.25 2,62 i2 1.76 Zeal 

27 2.16 2.58 13 1.79 2.22 

28 2.86 2,54 14 1.64 2.16 

23 1.38 2.530 15 1.61 2.19 

mt) 1.91 2.46 


Ant susblable Sonn ass. iBs ww heeretion, in, 
of D- to 6- to 12- Accretion O- te 6- 6- to 12- 


Bate Bein in. Depth in. Depth _ Clase in. Depth in. Depth 


4/20 0.19 6.86 0.35 t 0.08 0.01 
4/21 0.12 0.78 0.34 z ©.04 ©. 02 
4/22 1.21 0.746 06.33 iz ©. 56 ©. 20 
5/2 0.89 0.91 0.48 I 0.40 0.23 
5/8 ©6.05 <+«<«*=+-+--= Below Hinimum Storm Size - = + «© « = « 
$/10 0.22 m,99 0.55 I 0.09 0.02 
2 - Pield-maxima moisture contents. 

ow - Actual values to start the prediction 

% - Occurrence of reinfall. 


S& - Beginning of summer season. 
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“ae. Gail» pa aPrg ap dug rng ome ache 1843, Goloraic, ane 
Wi ere i pbetngs observations ware undertaken. — agri hea 44 pa we re 2 adde: d 


ona fron the first year were usually not mich greater Aas a a 
derivation peried. However, the results indicate thet if weather con- 
tions vary greatly from one year to the next, eredletion relationcls! os 

. liable te be POOF » 


. lopment of Tentative s fuerage Rel Relations 


an i ‘One ag the min objectives of these studies was to be able to pre~ 
partacuce for a given aree without having te meke antua Le phys sical 
Eat 3 


Renee, the next phase of the predi ietion methed was the 
opaent of “Tentative Ayerage Relations” which could be appl ied to 
ea without previous detailed study of that area. The average fac- 

Oe and velations devaloped, based on’ the previous prediction atudias, 
field exinmum meistur@ content, field minimaun moisture conten ne, 


pees depletion and aceretion yates by seasons, 

- These had ta be Peni docd with consideration of various kinde ef 
elimete, ‘wegetation, and topographic end Escape ie position. Zé 
and site characteristics are known, soil soi e may be pr adieted. 
present stage of development it mist be Cee ces chat the pre- 
ion contains Lazge PneEs these are particularly evident on wet soiis. 
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proximation of Field Maxime Moisture Cou! ebene 


; six factors were plotted esaixst field maximum eoietuye eentest te 
ex oats the best ‘ol pian gia acai index, (Table 2}; sand contest 
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3 bulk ‘density; and &. .O6-atsosphere 
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table 2 


SisAS STEEGATION OF SiTES BY KATNESS INDEX 


ie 288 ' Potential Bepth to Depth of 
ex Wetness Water Table Wetting “General Characteristics of Sites 


Arvid Indetermi- Less than Located in desert regions. 


: nable — 1 Foot ! 
Dry Indetermi- 1-4 Peet SEteeply sleping, denuded, or 
nabie severely eroded and guilied. 


Average More than Mere than Well drained soli with no 

& Feet & Feet restricted layers or pana, 
fair to good internal end 
external drainage. Slepe 
may be fiat to steep. 


Wet 1-4 Feet §§§ Te water- Sot well drained soil. 

table Restricted layers or deep 

mite | pans may be present. May 
eccur at base of sicpes, 
on terraces, upland flats 
Oz bottom lande. 


& ##$aturated iLess than fo water- Waterlegged or floeded sites 

pa 1 Foot table at least part of year. Bottom 
lands subject to frequent over- 
Flow. Upland flats with poor 
internal drsinage er shallow 
pans. Silepes with very poor 
internal drainage. 


* 


- 


For use in classification when water-table and wetting depths are net measured. 
Fable 3 


FOR APPROXIMATING FIELD MALTON AND MINIMUM SOTL MOISTURE CONTENTS 


iia 


ee 6 inch layer = 2.06 - 0.0115 + 0.116 Om + 0.151 WI 
,e to 12 ineh leyer = 2.06 - 0.012S + 0.008C + 0.155 WI 
leld Minimum 

4 ee ay 


Surface to 6 inch layer = -0.013 + 0.007¢ ¥ 0.074 Om + 0,149 WI 
| oi inch Layer = Q.131 + O.OL7G + 0.044 On + G.119 WE 


When § ig percent sand, © is percent clay, Gm is percent 
organic matter, Wi is wetness index. 
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approximation of the Field Minimsm Foisiure Dontent 
The minimum wolsture value vase based upon soil proepexties that de~- 


termine water retention under high strees, thue the facters used in deter- 
wining these equations were texture, organic matter, and wetress index. 


Approwimatton of Hinimum Storm Size 


A tates storm size of 0.10 inches was used as 842% of the aites 
showed a minisem of 0.10 inches or less. 


Development of Average Accretion Keiationships 


Begressions developed for average accretion relationships are: 


Storms Size ° Surface to 6b-in. Layer 6 to i2-in. Layer 


Class = ¥ = 8.472% - 6.01 ¥ = 0.22% - 0.01 
Class Ef ¥ = 6.75Z - 0.05 ¥ = 6.602 - 6.02 
Where ¥ = prediction eceretion 
X= rvainfeli 


Z@= evailable storage at the start of the storm 


Individual accretion curves were also developed for eand, silt, and 
clay seils. These curves did uct differ appreciable from the average 
curves, hence no allowance was made for sell texture in routine acereticn 
predictions. 


Development of Transition Bates 


insufficient Gata were gathered to develop an accurate means of 
prediction of transition dates, and a table of dates was established 
empirically from observations at the various sites. 


In the early stages of analyzing depletion curves, three distinct 
segments of the curve were noted: first, rapid depletion including water 
lost by gravity flow, second, a wniform rate from evapotranspiration 
Losses alone, and third, a4 reduced rate from evapotranspiration losses 
at low soil moleture content. 


Because texture influences maximum and minimum estimations, and 
because it influences drainage and availability of water, curves were 
grouped into three textural classes, vend: silt, and clay, Figure 3. 


Tentative average depletion tables were developed from these 
curves for each of the textursi classes. 


suite of bication of Tentative Average Relations | 
Throughout the United States and Alaska, 651 sites were selected, 
and the tentative average relations were applied for a period of one year. 
Field maximum end field minimam moisture contents were caleulated. A 
Mminisam storm size of 0.10 inches was used, transition dates were selected, 
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and average depletion tables determined. On southern sites, predictions 
could be made for the entire year, while in the northern sites, predic- 
tions were stepped over winter and started again when the ground thavyed. 


Deviations between predicted and measured moisture contents, ex~ 
pressed as inches of water for the surface six-inuches of soil, were avez- 
aged according to various factors as follows: 


Texture - Deviations for clay soils (0.30 to 0.48 inches at Wet- 
ness Index 2) were generally higher than for silts or 
sandy soils; this was especially apparent in the 6-6 
iach layer, 


Organic Matter - With 4% organic matter present in soil, accurate pre~- 
Gictions were Gifficult, especially on wetter sites. 
Deviations ranged from 9.31 to 0.60 inches. 


Weteness Index «- Deviations sre generally greater (0.25 to 0.55 inches) 
at wetness indices 3 and 4 (poorly drained and wet 
soils), and vary with texture, organic matter and other 
factors. 


Vegetation ~- Deviations ran from 0.2G to 0.92 inches; shrub cover and 
3 bare land giving the highest and Lowest deviations re- 
spectively. 


Slope - Deviation as a result of slepe proved smali. However, 
few slopes over 10% were included and no data was avail~ 
able on slopes over 35%, or on aspect of the slope. 


Position - Greatest deviation, 0.42 inches, was found in the Lower 
Slope position. 

Elevation - In general, the deviation decreases as the elevation 
inercases. 


Latitude - In general, deviations increase with increasing latitude. 
Deviations averaged 0.29 inches in the southera and 0.39 
inches in the northern tier of states. 


Parent Material - Glacial parent material gave a deviation ef 0.38 inches, 
end residual igneous material 9.22 inches. 


Rock Content - Soil containing 16 to 40 per cent rock gave deviations 
averaging 0.40 inches in contrast to deviations of 0.33 
inches for soil without rock. 


Average prediction variation on the survey elites wat 0.33 and 0.31 
inches respectively for the surface to 6-inch and the 6 to 12 inch layer. 
On the sites that were used to develop the prediction method the averages 
were 0.25 and 0.22 inches for the aame horizons. For ten other sites as- 
tablished in cooperation with universities, the variation wae 0.33 and 
0.32 inches, respectively. 


The average relations can thus be used with a reasonable degree of 
accuracy for well drained sites, but the accuracy for poorly drained and 
wet sites is low. 
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LETERATURS FERTAZNING £O THE DEVELOPMENT OF THE PREDICTION METEGD 


Progress Reports 
Dortignac, Bg. See and Lull, H. W. 


1951 A progress report on the development of methods for pra- 
dicting soil moisture content. U. &. Forest Service, 
U.S.B.A., Waterways Experiment Station, Corps of Enginessrs, 
Vicksburg, Mississippi. Yol. 1 - 40 pages, graphs end 
tables; Vol. II - 148 pages, graphs and tables. 


Volume I is concerned solely with the development of methods for 
predicting 2011 moisture content on the Loring-Grenada-Callins silt loame 
and commerce clay at the Park, Rifle, and Mound sites. These sites; ai3 
within a few miles of Vicksburg, were studied from Aprll through Septcia- 
ber 1951. 


Volume If contains a history of the experimental areas, ingtalila«- 
tion of the field equipment, a climatic summary, soil descriptions, vege- 
tation and phenology, data from and procedures used in the water well 
studies, infiltration, bulk density, soll moisture tension, relationships, 
development of Colman unit curves, and methods for prediction of soil 
wmeicture accretion end depletion. The factors involved in soil-moisture 
depletion are discussed. 


Staff, Vicksburg Infiltration Project 


1952 The development of methods for predicting soil moisture 
content, progress report IZ, Corps of Engineers, Water- 
ways Experiment Station, Vicksburg, Mississippi, 169 
pages, iaciuding graphs end tables. 


This report covers the winter period from October 1951 to March 
1952 for the Park, Rifle, and Mound sites. Winter depletion and accre- 
tien curves are presented, special studies of methods are sumnacized and 
oummer depletion is discussed further. Hoisture prediction combining 
accretion and depletion is demonstrated. 


Staff, Waterweys Experiment Station and Vicksburg infiltration 
Project 


1954 Forecasting Trafficability of Seils. Report awaber 3. 
The Development of Methods for Predicting Soil Moisture 
Content. U. 8. Forest Service, U.8.D.4., and Waterways 
Experiment Staticn, Corps of Engineers, U. S. Arny., 
Vol. I - 32 Pages, Yol. II ~- 159 Pages, Vol. I1Z - 155 
pages, Appendix ~ 20 pages of text, and two tables, 7? 

and 151 pages each. 


Volume f is a surmary and comparison of the prediction methods 
covered in the previous reports, an account ef the work in progress, 
and plans for future studies. 7 
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Woiuee Ii contains a description of the prediction method and or the 
experimental procedures used at Yickeburg. Lilustrative cata suc curves 
presented earilar are included. The influence of vagetetion om #o1i woieture 
Lose is ilisstrated and discussed. 


Yolume LIZ describes the prediction methed developed by the Forest 
Service for other areas: a Vicksburg project at Laurel, Mississippi; 
Forest Experiment Station sites in Pennsylvania, South Carolina, and Cali- 
fornia; and Soil Conservation Service sites in Mississippi. Results of 
correlation studies are included, as weil az a description of the prediction 
system of the Trafficability Section of the Waterways Experiment Station 
engineering staff. 


The Appendix gives the results of special studies, and besic soil- 
moisture and weather date. The special atudies axe concerned with the 
following subjects; soil moisture measurement, core sampler for use with 
the air picnometer, use of radio-active materiais, bulk density, infli- 
tration, evapotranspiraticn, end soil moieture variation. Weather and 
soil data are restricted to sites in the Vicksburg areca. 


Carlson, C.A., and Horton, J. &. 


1957 Yorecasting trefficability of soil, Report No. &. Infor- 
mation for predicting moisture in the surface foot of 
various soils. Technical memorandum No. 3-331. Waterways 
Experiment Station, Corps of Engineers, U.S. Army, Vicks~ 
burg, Mississippi, 80 pages of text, and nine tables. 


Thais report reviews pertinent material from previous reports and 
presents, in concise form, the information about the soils and sites used 
to date in the development of the prediction method, and in the derivation 
of additional prediction relations. Soils-strength data are presented for 
71 sites. The derived accretion and depletion relations are swumarized 
for all sites and the accuracy of prediction at the various sites using the 
éata from those sites is indicated. 


Carlson, €.A., and Horton, J.8. 


1957 Forecasting trafficability of soils, Report No. 5. De- 
velopment and testing of some average relations for predicting 
soil moisture. Technical Memorandum No. 3-331, Waterways 
Experiaent Station, Corps of Engineers, U.S. Army, Vicksburg, 
Mississippi. (Unpublished report now being processed) 


Average moisture relations were developed from previous studies. 
These values were used to predict moisture on 651 sites throughout the 
United States and Alaska. Comparison of predicted values with actual 
moisture values for each site was made. 


It was found that the prediction system applied to drained sites 
gave results within acceptabie limits of accuracy. 
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Letion on wet Pate acs dotla with higa orgaale matter eontent 
| yy improved. ‘Predietion for clay aoils, is also diffieui Lt. Rainat 
and available storage were eufficient Sor development of tentative “acer etion 
: i. relations expreseed in linear regression formuine. Depletion emves fer the 
ss Summer, wintery. aad transition periods were developed by Laye: #8 god textural 
| groups. 


Ga the average, predicted values derived. from tentative average <e~ 
— Latiens deviated from zetual moisture content by 0.33 inchas of weter for 
the O-6 inch layer, and ©@.22 inches for the 6-12 inch layer. fentative 
average relations are diecussed and 9 sample application of the prediction 
methed is provided. DBeseriptions of soll, etrength-wolsture relations oud 
a discussion of rueofé in relation to soil moisture prediction are Lncluded. 
ss ne xepest aleo presente problems coucagued with variation in SOL) mols cure 
on @ Bite and establishment of treosition dates. 


a Bast of vie aes Listed in this section. ave classed as office 
geperts and exist only in manuscript forn..  Rhey éontain the data on watch 
further development of the prediction method was based anid tes ted. ‘ 


is ‘Tneee reporte couprise information for each study area including 
ee deseriptions of the soil, vegetation, geolegy and physlography; results of 
$021 an LYS; gaily measurements ef metsorslegical factors and of asi} 
ra meleture and temeratura. Analyses of accretion and depletion relation« 
i ships were made for each area. These are included in the reports as are 
ae asisons | of the repults of soil-moisture prediction with actuel measured 
a “sik moisture. 2 vas 


. 


mi i order. to [aware accuracy of the soil moisture prediction 

: “mal ee i, predicted valuea were compared te actual valves. The only values 
ava ilable for testing the method were the values from which predicted — 
values were originally determined. The comparison provides an estimate 

iy of prediction errors, and shows primarily how well the prediction relations 

ot express average cond. tions at a site during. the period of MORSUNEMANE » 


hes At other sites where prediction relations were tested on 4 subse~ | 
quent year's data, g@ubstantlally the same results were obtained wherever 
eles imine ‘record of the two years was relatively Similar, 


“1955 the Loo een of methods for predicting Boil noteture 
| yah | Office report on the Seck-forss Washington Study. 


st ebudy was conducted in the Pedcisan: wheat country near Rockford, 
ngton from FF ry 1 to October 20, 1934. Five elites ware studied 
nn series. The bya site on Caldwell aiit isan 


Seated cee os the: sams Couse sile- ian there 
winter wheat, The Wheet site, also ‘aupporting 
~@ located on on intergrade between the Palouse 
g ivan iets site immediately adjoining the Wheat 
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one ‘Raingelt one anal than normal during the spring pericd and con- 
a he siderably above normel im August. Low rainfall resulted in somewhat 
ia fragmentary depletion curves. Artificial wetting was necessary to cb~ 


Je tain data for soil strength tests. The Couse soil had relatively low 

ingiltretion capacity and proved difficult to wet to the l-foot depth. 

 §@41 cracking ecceurred at Couse, Fallow and Wheat sites with cracks 
extending to a depth ef 4-5 inches and may have reculted in greater 

_ , gecretion at the lower depths than was indicated by coil moisture units. 


Depletion at the Fallow site wes not as great as at the other 
sites during the summer season but differences were not marked during 
the remainder of the year. 


Average deviation ef observed from estimated soil moisture values 
for the O-6 and b=12 fe layers for all sites was ©.07 inch of moisturc. 


_*‘Breadfeot, WM, and Carison, C.A. 


1954 Office report. on a pilot survey of strength and moisture 
on Mississippi soils. Vicksburg Infiltration Project, 
Southern Forest Experiment Staticn, 9 pp., graphs and 
— 


In order to determine procedures for securing field data, and to 
test the feasibility of using these data in soil strength end moisture 
ie predictions, a pilot survey was conducted in February and March 1954 on 
> come of the principal soils in reser ee ta } 


‘The results of the Fad survey show: 


a ‘The methods of aite selection, of the soil sampling techniques, 
and of the field and Laboratory measures were satisfactory, and 
could be used with gome modifications to fit local conditions — 

and objectives, as the basis of future operations cf this nature. - 


a: (2) Soil moisture prediction results were very encouraging in that 
f _ with Limited data on soil and site characteristics plus a rainfall 
y record at nearby weather stations, @ reasonable estimate of 
moisture was made for a number of soils over a relatively large 
area. 


Soil data necessary for prediction included measured sand and clay 
content, estimated site wetness index (see page 9) and calcukted pore 
| space. Transition dates were estimated based on changes observed at the 
latitude of Vicksburg. 


a | ‘Predictions were checked with actual samples from which soit moisture 
‘soil hei data were obtained. 


velo: es siete of iniataate ine predicting soil moisture 
pie fice apy on the aR Colerado study. 71 pr., 
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Work was carried on from June 1, 1953 to June 1, 1954 at L/ site 
on the west end south sides and on top of Gr sen Mex ea near Delte, Colerade 
Soil wetsture was measured with fibergias units on ¢ 2 daily basis at fou 
gites, Birect gravimetric samples were taken ac at the other fifteen. 
Sites ranged in elevation from 5,150 to 10,460 feet. Vegetation types range: 
through desert shad scale, pinyon~juniper, sage brush-grase, oakbush, aspen. 
open bog, and spruce-fir forest. Five bare areas were included. Parent 
matexial at all sites was classed as basalt or a mixture of basalt, saad 
anc alluviun. 


“Pypicel differences in accretion and depletion relations at vege 
tated and bare sites exe illustrated by the Zast Mesa deta. Accretion was 
slightly higher at the vegetated site. The major difference, however, wae 
in the depletion reletions; rates were much higher for the vegetated site. 
During the depletion period from August 11 to 23 the vegetated site depleted 
6.37 inch in the 0-6 inch layer and 0.24 inch in the 6-12 inch Layer. Durin; 
the same period the bare site depleted 0.11 and 0.00 inch at corkesponding 
depths." 


This repert includes studies of infiltration teats in the Badger 
Wash ares, a desert watershed with silt and clay loam secils and sparze 
grass and shrub vegetation, at about 5000 feet elevation. 


A dry infiltration run was made at each site followed a day Later 
by a wet run. Each run lasted 50 minutes and rainfall wee applied at the 
rate of 5 inches per hour. Gravimetric sampling was used to determine 
soil moisture before and after runs. Infiltration rates for the soils 
derived from sandstone were approximately 3-5 times as great (2.68 in/kr for 
a dry run) as for the shale or mixed shale and sandstone soils. Mixed 
soile have a slightly higher infiltration rate than the shale soils. (0.30 
and 0.68 inches per hour on dry run, respectively). 


Depletion rates were determined for these soils for the fall 
» and were found to be similar for the shale and mixed soils and 
slightly higher for the sanistene soils. 


In the shale and limestone soils, accretion from 4.12 inches of 
artificial rainfall averaged ©.50 inches in the 0-6 inch layer and 0.14 
inches in the 6-12 inch layer. 


Helmers, Austin B. 


1953 The development of methods for predicting soil moisture 
i Office report on the Priest River, Idaho study. 
PP 


Studies were conducted near the Priest River Experimental Forest 
in northern Idaho from June to November 1952 and April to August 1953. Al). 
study areas were located on bottomland soils, the Burn and Timber sites on 
light colored, well drained, silt ioams, and the Lake, Benton, and Meadow 
sites on dark colored, puorly drained soils, an alluvial ailt loam, a 
grey silt loam and a sedge peat reapectively. Vegetation included (1) old- 
growth forest of western hemlock and other conifers (Timber Site), (2) a 
burned (1935 prescribed burn) area with planted ponderosa pine end natural 
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| vageneration of eobher wood, larch and western Re, 
(3) a 90-year old stand of western white aun ate weetern | 
Bite), (4) dense grasa and forb meadas, previously pasturad 
Site a) and (3) a dense stand of sedges (Lake Site). 


: Spring and Summer destedion rates were derivad. Spring depletics 
si “ws RES were found to be appliceble until or into July. Artifieial rei nfeli 
was used during the late summer and feli te develop aceretion and dep elon 
relationships. Suumer rates (approximately 2 inches cf water in 50 ¢< ees 
held into October or November while a short pexied of transition was indi 
eated in Late fall end early spring. However, this deta derived using 
artificial wetting, proved to be unreliable both as te the transition 
dates noted and the eccretion and depletion relations. Curves and dates 
were Later revised for testing of the prediction aethed. The fall seasca 
svoved to be particularly dry and was the ealy abrormal season. Ground 
vakex relationships were considered in prediction at the Lake site. Thare 
ia the 6-12 inch layer, the depth to water table dropped from the 1 : 
depth to the 2 foot dapth between mid July and October 1. 


elners, [ AEs, waa Boyd, BR, J é'- 


“1954 The development of methods for precicting soil moisture content. 
* | iat ial oftice yepert on the Miles City, Montana etudy. 39 pp. 
“fewatas ware earcied out on the UG. S. Range Livestock Experiment 
shee; Miles City, Montana from April to August 1954. Three sites were 
; iecated | on Sopp range lend which had been previously ——— River site, 
Betis: 


of gana and wheat grass. seme soil cracking was observed. 


ae. 


“Infiltration rateg were lower on the heavy Gumbo soil, than these 
ce. - weasu ed on the River end Righvay sites. Beth spring and suomer depletion 

ns i ‘etal eval off sooner on the Gumbo site than on the other tie, The Gumbo 
site 4s also different in thet during early June it showed a high depletion 
rate in the 0-6 inch layer, (1 inch per 10 days), compared to the rate on 
the same site during Hey or July (approx. 0.5 inch in 10 days). 4e high 
rate is. comparable with the aummer rate on the other sites. The explanation 
| | appears: to be in the nature of the vegetation. Gumbo supported a stand of 
ghext annual weeds which were at their sost active period of growth during 
ng #8 = whereas ae River and Highway sites supported perennial grasses and 

Bey ahs ‘ie Bo bid 


- ‘fis ‘i Mean deviations of priltccad from actual moisture content were rele- 

cP » : s from 0.05 to 0.13 inches. An unusually cold spell in 

7 . resulted ia the enly pronounced deviation. Separa‘ 
Letion relationships were found, with apring rates 


gaa summer rates June through August. None of the 
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Lax 
ith higher permeability accreted close to 100% of available okie a 
a x 


Low permeability due in turn to a small amount of large pore apace in 
. surface Layers. 
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1954 The a Sen ef methods for predicting soil moisture 
content. Uffice report on the Crossett, Arkansas study, 
163 pp : 
Seven aites were pehat ct near Crossett, Arkenaas from April L, 19535 
through to April 1, 1954. Six were on di On 31i1t loams and one (Sandy) 


ena fine sandy loan. 


One cf the silt icem cites (Headquarters) had a cover of mixed pine 
and hardwoed, and ancther a mixture of grasses and forbes (Prairie). A 
bare elite was established adjacent to each. The Sandy site was for asked 
with a mixtuxce of pine and hardwood while the remaining two sites (90 eed 


_ Brushy Creek) had 2 cover of mixed hardwoods. 


In Claas TI, accretion relations (where rainfall equala or exceccs 
avallable sterage) there is considerable variation. Headquarters and Sruss: 
Cxeek sites accrete normally with 30 to 80% of the evailable aterege fille 

Sandy site, located on a lew area subject té runoff from adjacent 


and Prairie sites shewed low secretion relations epparently es 


Rainfall during the study year was abaormal, excescively high in the 


spring and low during late summer and fail. Soils on these eites proved 
(to have exesptionally low permeability rates, moisture ape —— en the 


surface for hours even when soil moisture content was lew. ferched water 


a tables and heevy spring rains obscured the shift from inte to spring 
ve ‘gates and drought obscured the autumn transition peried. Deviations 6£f 
oi predicted from observed moisture contents averaged 0.11 and 6.06 ineh in 


the 0-6. and 6-12 inch depths respectively. 
%. 


P. Ps to a ‘Soil temperature readings at Head neler Bare and Preirie Eer- 
a) ‘baseous: ard Bere sites proved to be 10° F. higher et the 1-1/2 inch depth 


m at sites protected by a tree iB 


AS aiteteivarea, the bare sites showed ; a lower suzmer depletion rate 


than did the forested or herbaceous sites. Type of vegetation wes epparsn nt 
ly of little impertance since all vegetated sites depieted at etout the ©. 


same rate. Depletion rates in the winter were similar for ali sites la 


at _ for Headquartera Forested site which shows a much more rapid depletion ra 
x ie the rest, possibly @8 a result of drainage through old root Puawsele: 


Taylor, R. Eo, and aruad: D.E. 


"Development of methods for i egiuce tas soil moisture content. 

«Office report on the Albuquerque, New Mexico pat f 107 pe. 
Plus ——- 
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— + Ss nae Lays, i 
onk mole cur @ Carried cut on ae 
a 2 x EN alee a Se cS Ts See Be Ln Pee. ee 
eabiens in the vielnity. ck Albuquarque, Hew Nexies, 
Py of 3 ee ey % ae, 9B abeacte 2 LA i 
ekerting im 4p¢ii., 1933. eres 6 Locared 
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ais: a e e 

' on silt loam soZia at 7346 fc. altitude, Pinyor, % witha A cover 
4 pine and seatrered GEARS» Hezrbaceou: th @ cover af blue 
 «+ferenuial grasses enc forbs, aud a bare aeite. Ome site Sen Ant 
leeated on loms geil at 6750 ft. and had e cover of seatteres 
and juniper with perennial grasses. Anotner site, East Mesa, as 
en fine sandy loam hed a scattered cover of Kuselan thistle and perenn: 
| g¢asaes. Gn a poorly deained silty eley, another site, Fleed 
| 8000 €t. kad a heavy grass (Stipa epp.) and sunflower cover. 
_ ite, Jemez Dam, at 5320 ft. was on fine sendy loam with a sparse 

ee of grasses and weeds. Bare sites were alse establiched at San re 
Mest Meas end. Ficod PLaiae | | 
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| Since preeipitation wae meager, artificiel wetting was ace: 
| te obeain depletion rates. Sheet metal wetting rings siz feck | 
. ameter were used for this purpose end exch site was wetted trie : 
. fall, and epring. Soil cracking occurred ts Ra eeebte ibe on the 
| .. bage sites. Here, as at Delta, Rockford, and Milas City, sofia “St mes 
| ites did not reach field meximm moisture content. Por this reas sik 
q pletion curves are calculated from fragments which de not extend to — 
ss fold maxima, Rone the less these curves were used successfully 4: 
‘dietion. : 
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Depletion curves for bare sites (using the ring test areas) are more 
iz @imilar than for the herbaceous sites. Most bare sites also show tall end 
= Summer curves wiick are quite similar. Aix temperatures were not appreciably 
| different at these particular sitestetween fail and ewmmear test pertiode. 
in geperal, stations at higher eltitudes shew lewer depletion rates than 
stations at lewer altitudes. Deviations of predicted soil molsture fcom 
actual soll moleture averaged ©.056 inch and 6.05 inch fox the O-G gad. 


6-12 inch depths wespectively. 


Thames, Je es TobLacki, Rakes and '§ juensen, E. Re: 


1334 The development ef methods ee: predicting soli molecuxs: 


content, Offiee report on the Bhin elande ier, Wisconsin 
study. 84 pp. and appendix. | 


During the year ieee May Pe 1953, goth woleture comlitiens vere 
etudied on fourteen sites in the vicinity of Rhinelander, end two in the 
wicinity of Ashland, Wisconsin. The sites iucluded ae range of solis (iz 

_. -Elve soil series, Speneer, Ontonegen, Antigo, Wiles and Peat) irom sands 
cary through sandy Loams, and silt loams to clay ioams, and peate, Oa most soit 
_ types both forested and herbaceous sites vere. studied, A daily. reeord was 
a? _ Sbtained with fiberglas units at three sites. Records obtained aed kenge 


aa 


| ly at aix other gites’ were compared with the daily Eiberglas unde x asings 
ere appeared te be a consistent relationskip and on this besie “ealibrati L133 


_eurves were prepared for these aix sites gad daily records were caleu tated. 
: 2 were checked pericdical ly by gravimetric gexpling. Gravimetric data 
shtained for seven other sites ani were veed to prepare curves from 

. daily moleture contents could be estimated. The three pest sites Were 
gE near | sginsmabdia’ oan tre period of study. 


- 20 ays 


Since it eppeared doubtiul that tze relationship betw 
: Gat, Me ay ee Fw ee, Sa Ns ry gh phan ee Re 
eontent by fiberglas wu. a getermined at ome site and srav! 
a 4 a +2 2, D Soe omy ah » ee ih Oi om, Se ii em B fed 
metions et ether sites would hold throusa the winter senson of melt 


ett., Winter data was Br ee only for sites on which actual da 
avellable. 


Generally cool weather and frequent ralas resulted in low depletion 
gates during spring and early summer. Greatest and wost rapid mele care a 
lesses eccurred during July end August. During the fali, seii moisture 
Less was at a minimum as a resuit of low soil moisture levele, cool temper- 
atures and curing vegetation. During this period, the everage rate of Leas 
et the herbaceous sites was about .011 and .OL3 inches per cay and at the 
forested sites .007 and .004 inches per day in i O-6 end 6-12 inch levers. 
xespectively. 


Winter depletion rates were used on forested eites until Ney LC 
at which time spring rates were applied. Spring rates were ayplied on 
herbaceous sites at the inception of the etudy, May 1. Sunumer rates were 
used on the forested sites from June 6 until September 11, while on the 
herbaceous sites summer retce etarted a week earlier. The ammer period 
ended at the same time, September 11, on ali sites. A comparison cf 
average depletion rates (table 1) indicates that herbaceous sites rete te 
at a faster rate than the forested sites during the transition pericd of 
spring and fal1. This remegins true during the summer, al though the di £fer- 
 @nee is of lesser magnitude. 


Table 1.2/ Ayerage depletion rate in inches per day for forested snd 
herbaceous sites (Two sites with high water cables have 
been deleted) at Rhinelander. 


Period Depth ‘Forested Sites Herbaceous Sites 
finches (No. 3,5,10,11} (No. 2,8,9,12) 
Winter Q=5 O22 ao 
6-12 OOS oe 
Transition 0-6 e029 oO? 
Ge L2 O15 O32 
Summer 06 079 082 
6-12 0042 O51 


‘Depletion eee ees at earkediy lower rates on the eer tencout plots 
near Ashland as compared to these near Rhinelander (fable 2). {Ko 
anaes plots were ayer habie at Ashland for compari¢con) . 


Ste ct 


or ‘Gables pine and 3 are based on depletion data for the firet 12 ¢ 
. is days following maxinum moisture content.. 


a 


, “ fe ay Hh Beyer, Sa it * #: ft = 
Zable 2. Averege eo1) ture depletion rates on hexbar 
4 2 P 1 ‘ 
ieehes per dav. 
Biinelander 
, . 7 ? “ 
Paried Layer Spencer Siit Loss 


in ivehes (Site No. 2 and 12) 


Erarsition Goh 3056 226 
G~ie -040 216 


sumer GG | »O87 2055 
G~i2 060 037 


Depletion from the saudy solls is in general Was 

ile teama ceging the winter and transition perlods 0 

bine period this is reversed and the silt loene shou a so 
o£ water less. (fable 3). 


Sable 3. Comparison of average soi moleture depletion rates om sands 


and silt Leams in inches per day. 


Period Repth § Sandy and Leamy Sand SiLt Loame 
. Znckes (Vilas series} éSpeacer and Antige Series) 


Winter Be} O38 G18 
eae | 6~12 6004 » ORS 


tremsition Qa 0iSS Gas 
G~12 tsp 2025 ree 


Summex 0-6 063 O75 


| On one of the Viles silt lows sites « prediction wetked was de- 
veloped for the G-12 inch layer using predicted ground water Le 
vecerd of rainfel1] and a knowledge of the as oh ieashio between the 
seteie eontent of the 6-12 inck Layer, anc the distance between fie 
Layer and the water table. Predicted well titel eomparad faverabliy wiih 


getual well levels, with an average deviation of predicted from actual of 


« 


 .03 ef a foot. éAverage deviation of actual from predicted acleture conten 
ef the 6-12 inea layer was ©.1 inch. : 


eviations ef eredicted welsture content from actual moleture cont 
by the standard meted fell between 0.04 end @.18 peti fer the Ge-& in 
Layer and between 0.01 end 0.14 loches fer cae 6-12 ine Layer at «8% a : 
eae ial 
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oe 


= 3S 


we (ef ent u. Sg g. gee jority eal Lee 
ie “heeek eet Paper tamber 4-135, a6 Yeace ¢ ay 


table og Ree vibes ca " five aitos ee OVeurre 
neat the geried of observation. Talis rea: deed Le 

% table gaye S@oil variation in the water comtent ov &h 
2 Layer. Sites were underlain by leess, ailuwviem, pest, 2 2 
: these saterials. @Serface drainage varied from good to poor 2 
pec: fsem Sraesea, sedges, and ferbs threugs brush te espe. 
- and SErHe forest in vazious ulxtures. 


tion iu the &6 ineh depth sheweé o feiviy unaiierm xoce 
isskhes per day for the first ten days after field max 
‘fais was tree without vazard te vegetation syoe sare 
we slopes with soutuera aspects where the forested sites had ; 
ani eis deying vate. on e 32 degree slop: a force ced sia be ap 
; @.146 inches per dey vile a hevbacesus elite deplete 

y G05 imches. Thie asy in part be. & meente De 


at ea the herbaceous B. uke aa well as ef the 


: Paty shops sad | sopect did eet ip pat to: a3 aflven: 1 goes 


seat . 
i ip By gag ooh Alte te ‘Y 
ere EE CoESH c % 


8 ef seil moisture content were made fer tan o1t 
ylation ef predicted from actual weelatuve comten: 
=§ inch bayer and 0.06 Lachea An the G«! a inch 
carried fxvom the latter part ef Bey through Sep: 
the apring te gurmer transition ate aged wea June 
to fell date fell about ‘dc aaa 13. 


F strength Nyack were obtained at ell ailtes save caged 
& See fleant jineax nto ricaaa Op was found bates 
(Four eite 


Eavipment and Zeehniques Sor Measurement of Soil Moisture 


Sines the purpose of the Vicksbuxsg Reeerres Cente aE RA 
pradietion of 2011 moisture, most of the fielé werk ef 
eencerned with the measurement of soil moisture amd rel 
following genera? conclusions ere drawn from this work 
is mere detail in the papers referenced. 


Bleetrical Soii-Moisture Beasurement 


| Fiberglas solle-moisture units have been used throughout 
Yiekeburg work. They are curable in the esil. haying been im 
some ereas for mere than three years. Their small sive alicws i 
) he the scii with 2 minimum ef disturbance. The belitein therm 
ao “8B sesurate scjustment ef resistence readings te 4 conatent te rakure 
tecele ize units cam be read rapidly and the readings converted te sere 

2ent 2011 mpisture with a winiawm of efforce (Herton, 72955; Lui : 
Belwhart, 1955; Palpant and Loli, 1953). 


eth soil pits and 5 inch auger holes were tested for Installatisna 
ef e611 moisture units. Experience indicated that the auger Sele inateil- 
ation was superior to the pit. it requires less leber to dis end x ‘ 
a far lees disturbance te the site; an important facter tech in ge 
accurate readings and in preserving space for gravimetric deep 
sary fer calibration of the units \Reinhart &, 1953). The suzer hol 
sheuld be refilled earezuily, with soil in a slightiy mise coméition, 
by layers arranged in their original sequence and packed te the Sriginal 
Bea" sity. ° : 


Gee choice of the auger hele cype of instalistion fer several 
Series of soil meisture units stimulated the development of a device for 
 dnetallation of these units in the wall of che hele without <isturbance 
- 6 the seil. An instrument was devised using the principle of the scls- © 
is + BONS-type auto jack. ‘The unit ie placed in the inserter anc the inserter 


> lowered inte the coil. Then with a fey turns on the Randle tae x 
_ pashed inte the seil. The handle is aby turned back and the inserter is 
_—- Remaved (Psipant, 1953). 


ms in ozder to read a lerge number of unite on « daily casis 2 vari 
ef fecines ante Geveloped and tested. Tae fivst wes a watersxeot awiech 
ang device te which many unite were commected; (Falpaat, Thames and Seluers 


5 we % 
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ter a portable switch was devised which was garried with che moist~ 


‘finally, stationary terminal boards were used to shigy the meter 
“ hed by battery clamps (Boss and Broadfcor, 135 54) if The 
ae ae ‘sd Seeereett on, mot subjeet to daesss by diam- 
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omg aiso been used for this purpose, See Woods, 
» 1954. Phone-jack terminals for soil-wolstere unite 
periment Station Gceasional Paper 155, Pages 32-33. 
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Feld eal Libration has been the practice in ali 7: 
(Carlson, 19365 Rabsiar Ss, 1953). Care ig necessary ts 

Ecom disturbance. King cubes''p ae previde adeqmete samples with if 
OLS CUEEAMSS Fielé et nae ly maak be timed carefully to set the fuk 
moleture range, Seme variation is to be expected even over = 2 
end sampling ia duplicate st random on « prearrenged sample silica 

beam the practice. Field calibration aieo has the neh reel 2 cf giving 
My average mo.eture for en area rather then at a point. Average =o! 
F fax a soil, rather then point valueg, were desired. 


ge Huclear Instruments 


4 auclear instrument for measurement of acil moisture ané tig ensity 
wae tested but not adepted. When tested this method proved to ae ay 
acerca for making mumerous measurements, did not measure Seid ontty 
narrow layere, wae net eufficiently reliable and finelly was tse ex > 
nies for general use. With improvement and simplification it may bec 
vaiuable ginuce it measures density as weil ag moisture content (Hurt 
Rainbart, 1955). 


geil Bulk Bensley 


Boil bulk density measurement was a difficult and impose at phase 

ef the soil moistere atudy. Bulk density secuingly varied with the 
moisture ceatent of tha soil. It was subsequently found thet sulk denciny 
varied from point to point, and moisture varied correspondingly. Tha req 
lLatienship between moisture and density was one ef asseciation rater 
them cause and effect. Moisture did not cause low bulk density (throug: 
evelling), but high moisture is associated with low bulk denaiey. In ade 
dition, ease of extraction of the test core varies with the organic mat 
er, texture, structure, and moisture condition of the soil. ‘he resule 
ant reliebility of the bulk density measurement will vary with the con- 

eition @f the core. The problem lies in finding a core camples or per- 
heaps 2 set of samplers that can be used over the range of soll conditions. 
Such tocke have mot yet been devised. 


‘She madified San Dimas sawpler has been the most generaily acc: 
able swethed used at Vieksburg. Core samples with this teol can be = 
cixeetiy for bulk density determinations, ox can be used with the air 
piesometer (Broadfeet, 1954). 


At Vicksburg soil moisture determinstions are expressed in inches 


| ef water per siz inches of soil depth. S011 moisture is detexined by 
th a » formula: 


where (D) is the moisture content in inches, 


— 
i 


ee a a ‘ciickaaae of the soil. It can be shoun that a ek 
é le bulk density times variable volume, or thickness of 2 soil 
congtant end independent of moisture content. Thue, re. 
sture content may veally change the volume occupied Sy 

: chen: ace does not effect inches of water a 


Rinety regreesions of weleture on bulk density for various soile 
around Vicksburg showed significance in only 28 per cent of the regrese- 
giens. However, soil weight per ucit velume is 4 coumen element in beck 
variables, and there is a correlation between moisture constant at « 
given tension and amount ef pore space independent of shrinking and 
swelling (Reinhart, 1954). The influence of moleture content on belk 
aéensity of these soils may be ewall enough to be negligible on the pare 
tiewlar eoils tested (loess silt loams and water deposited clays). 


Molsture Tension Analyses 


in laboratory determinations of soil woistere<teseion relation- 
Shipa, it was found thet: ) 


i. At tensions below one atmosphere, field coxee of natural 
steueture shoule ba used as they retein Less water. 


2. At tensions above one atmosphere either field cores or 
oilk semples give equivalent results (Broadisot, 1954). 


- 26 = 


PUSBLISATIGCNS cH frase Am TESHRINUES 
PUBLICATAGHS GH 2QUIPAE fngdee  & Sethi ag a? 


Broadisst, 4H. 


3954 Procedures and Equipment fer Determining Seil Balk Density, 
Gccasional ig 135, Southern Forest i alte Station, 
Pages Z-Lli. 


The "hieck", Sean Dimes, and air plenometer methods were used te 
determine bulk density on 180 samples of Hiesissippi alluvium and isess. 


in the “block” method, a bleck of soil 12 inches square by 2 
inches in depth was used. The San Dimes sempler takes 2 cylindrical 
eore of 28 eubie centimeters. The air pienometer measures velwme of 
air per volume of geil in e cylindrical sample. ith the weight ef tke 
eore, known conversions were made to moisture content and bulk density 
érem nosograpls. 


The following table, from the azticle, gives a comparizon Gf these 
_Bethode (i aoaoenevee best; 3 poorest): 


Rating Factor Block San Dinas ial 3 
‘Disturbance of the Seupling Area 3 eR | 3 
Sa Compression or Disturbance of et . See 
ei Seil ca | 1 | $ 8 
Personal Skit Required . ae Sere 2 
—sUeiddey im Dry Soll ea nie FS 1 
Rime Required a! iy le | 


; The block method geve lower bulk duisi ties than the other tars 
methods, end the San Dimas slightly higher than the aiz piencmeter. Sov- 
ever, bleck semples could be taken only when the soil was moist, and were 
thus probably biased in results. 


Broadfeot, ¥.E. 


1954 Cores vs Samples in Soil~Noieture Teneion Analysis, Jeuthern 
Forest Experiment Staticn Occasional Paper 135, Pages 22-25. 


Comparisons were made between the use ef cores and cf bulk aereler 
for the determination of moisture contents at various tensions up to 15 
ss @tmospheres. 

"In s0i1 moisture tensicn analysis some soil hed higher moisture 
f eontents at 1/3 atmosphere tension than at 69 em. of water (.05 atmos- 
a Loews . This was noted particularly in fine-textured solis, and was 
nt to be related to the difference in relative disturbance cf the 
Samples useé under the two tensions. Accerdingly, a comparison was 
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Wee tabuce contente of the bulk sexples at 5 cm. of weter (.005 ate 
phere tension) were significantly higher than these of the core aampiec. 
ganging from 34 percentage points kigher fer the Commeree silty clay 6 10 
points higher im the very fine sandy icem soil. As tension wae ine 
to 60 em. (.06 atmosphere) the <ifference decreased but wae still 
cantly higher. The difference in the means remained sigsificant thre 
the intermediate tengien range of .1 to 1 atmesphere, except fer the vary 
€ine sandy loam. Por the sandy 8011, bulk sasplee were asignifieantly 
iisher in moisture content only up tc .1 atmosphere tension.” 


he 
Lid 
ays 
> 
chat 


© 
te 


gots et 
, 
ant 
eG) 
ae 
ial 
> 
% 


@ G&G 


"ae 3 and 15 eteospheree, it was only in the Commerce ailty clay 
that bulk samples had significantly higher moisture contents then the cores. 
At the same Righ tensions, cores ci the very fine sandy loam end the silt 
lesam from Miaseuri tended te have slightly higher woisture centents then 
the cerreeponding bulk semples. Differences, however, were net signi: 


Csarigon, Cherles A. 


1953 Moleture Equilibration in Natural Cores During Laboratory 
Calibration of Fiberglas Seil-Heisture Unite, Southern Yorant 
Ezperiment Station Occasional Paper 128, Pages 3i-2 


‘Electrical resistence unite were placed in three soils at varyi 
depths. These units were then removed in “natural” cores consisting 
eylinders 2.58 inches in diameter, and 2 and 3 inches leng. These ' ‘aaturel" 
in then taken to the laboratory for soll moisture unit selibration. 


Tt wes found that 952 saturated lead nitrate selution actually 
vies, the cores rather then equilibrating them. It wae concluded that for 
Geixttion txeatwment @ saturated etmosphere is preferred. 
= en 
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‘Surface Gieporntiee was found to dry cores and create « gradient 
 @eross them taet could net be eliminated by equilibration. Fapor equiLi 
«brat en did not teke place overnight in the humid chamber. ‘The peavigns 
showed lees moisture gradieat in two inmeh cores than in three inch coves, 
- dnéieatiag that shorter ceres are best. 
- Leberatory calibration was not found te be accurate encugh to re- 
-—s Place field calibration for fine soils in a humid climate. Leborsator 
(4 ealibretion was uged only to check the general shape and renge of the " fle 
ewurves, and was done by continuous air drying with periodic scagurements 
(core : and uni resistance. 


Stee nae Southern Saveet Reibcinent a. Secssional 
ah | Paper 135, Pages’ 34-42, 


ctain Eteld scodies with cibovales moisture units 
“nt a “aoe coemtigh @f field and laboratory ea peti 


“Calibration curves eve presented Sor Gisee baits 
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Generally the laboratery curves were drier thas 


wey 
& tesistance ef Eifty kilehus, and wetter at a resista 
Successive drying cyeles showed, generally, che fixst. aeeias curve ¢c 
cloger to the Zieid eurve than the other two. 

Laberatory curves tended to be moleter than fleld curves with in- 


ey ¢? 
eg 


aase ia depth. The reason was thought to be that at lower de 
the fae aigfusion is restricted and the carbon diexide level 
thus bringing mere saits into solution and consequently Loverin; gist 
amee 25 given moleture contente. Swelling was theught to be @ persibia 
fecter, Guk binding samples with wire had ne measurable effect on moeiskurs- 
vesiatance relationg. 
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Meleture graciente within the cere causes erzexr at high Tesistances . 
inde of cores ware drier than the centers, giving the drier Leboersatexy 
curve a¢ Righ ragiateuces. 


Yariation wes aise ateributec te the fact that field curves were « 
eoubination of vecting and drying periods, and the Laberatery curves were 
oreteminantly drying curves. 


GSarison, Cnerkes A. 


~ 


Smali Reote, Southern Forest Exmeriment ication Occe 
Paper 235, Pages 43-47. 


954 & Core Hethed for Determining the Amuunt ane Extent pes 


Tae methed described in this report fellows essentially the feligqy- 
ing steps: 
i. Goliect the soil sampie, a core of kaawn volume, 
@, Oieperse the roote by sosking the eample ahout three days 
ia ¢ 0.02 aormal sodium hydregide and ©.€35 § sadiwm one~ 


tate solution. 


3. Uilute the seil-restesuepensien and wash through «2 190 mesh 
screen to remove the finer soil fraction. 


&. Skim off the floating debris from the suspension. 
3. Becant the fine roots. 


6, Determine the fresh welght and dry at 65 degrees &. to 
detersine the dry weight. 


?, &sh the sample te determine the correetica for adhering 
$621 particles. 


%, Galculate the everage diameter, tots surface aren, and 
aggregate Length of reots for Marcoea wetheda ef expresaien 
of results. 


Boss, B.D, end : iceadfcer, WM. 


‘ 
4954 Terminel Panei fer Electvical Soii-Moiatuce inciruments, 
Southern Forast Exveriment Station Gecesionel Papar 155, 
Pages 30-31. 


A sturdy weather-resietent terminal penel for a aerles ef aoii«- 
misture unite le deseribed. Leade from woisture unite are coumected. 
with brass screws used as termingis on 4 plexighas panel, The gocer 

ie eoanected to the terminels with battery clamps. 


BOrten, Jade 


1955 tee ef Bieectrical Soil-Melature Suite in Heuntein Sella 
Freesedings 2226 Anouel Meating, Bestern Sac ps QFernee, 
Portland, Oregon, Pager 2O-2e. 


Fae fibergies soil awleture unit is auggestee ag « Bighly sntig- 
fectory methed of measuring soil moisture in mountain s0113, Staniave 
methads ef Laberatery calibration and field calibration sre compare! 
and a system of mase calibration of many unite fin a siagle pam is ae; 
seribed az an aid im the detection of unreliable unite im the labor: 
eeey before ineteliation. 


"tn stony ecile, such ac are commonly found im the western 
muntaing, ealibration of the unite by comventionsl metheds is unsetis= 
fsetery, both becauae of variability of the solis and because of the 
puysleal diffieulty of moisture sampling. Galdbration of unita inc 
stelied in very deep goil layers also presant a problem in soisture 
HIDE Lag « wae 


"Ee has been vengoned that the readinge of tee units could be 
used to indieate the trend of sell melsture change without an atteme: 
ce determine aceuvately the actual moisture contert. To do thie. 
wee and a dry field value must be estimated. Thde can be approsimated 
fxom tae dial readings but it would be better te have laboratory tenalcn 
values. Te estimate the high walue it is best to select readings two to ! 
theee deys after the valine are over. These readizes epproximete SLele 
espacity. At the dey end of the curve, wilting point can be eperosxi = 
mated by taking the veiue at the poimt where the curve flattens cut ari 
the readings beeame constent. The simplest methed of detexmining the 
trend woula be te prorate the intermediate values tetween chege two 
points on n Straight Line celationship. Po check this method, 4 
etraicht lime was drawn between the wilting peint and the Cleld cana- 
elty values on calibration curves of twenty flberelas units inatalies 
As. the San Dimas lysimeters. The average deviation from the calibration 
curve was 2.14 geil moisture, This wae the equivealeat ef G.56 Luskes of 
water per feot of seil. Using an arbitrary lise curved near the ficie 
cepacity pozat would beve greatly lmpreved the relationship. This eeu 
Should be attempted only fer vell-drained ead well-wegetated sites whe | 
seil moisture would be lowered to wilting point by transpivation losaes ” i 


Conversion of the readinge from the disis of the cleteter te chara 
vesistence (or leg of ohme resistance) end correction to a constant tes 
pexeture ie normally accomplished using a series of tabies, A simplified 
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Eek. BeBe, BRE Reishart, Eis 


29585 Soih Moisture Heasuranent. Seuthern Yorest Experinanc 
prosia? Peron Peper 140, Paget 1-56 


fais ia 2 eellection of abetescte in hick ave diseusecd in 
logical sequence the development of methods yeed in 3S = Barca: 
went. Four types of methods are diseusted im some detail: 1) ere 
metnede, (23 electrical resistence RELROES 2 3} the Pecmctes method. 
24) the aucleaz method, 


in veeuse ene pe eteate teat, “As 4 general 
wetheod chauic be used uniess weaeurament br ena of oy 
abselutely mecessarp to gabialy atudy requizements. 


perience than eny of the others. 4g it prevides direct measurements. tne 


time. the siiori, and pessibility of errer eescciated with conve Aine 


vesistorce, tendiea meadurements, ox neutron caumts to seilemeisturs enr- 


tent ere svoided. Even if one of che other methods is chosen, numerous 


gravimetric gempliegs are usually reeuired fer calibyation or checking.” 
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SHLGSCEACS. -eesistance instruments are sest ueeiel fo pe 


try 


aaiiy reeerde of eonsicerahic duration.” Tensiemeters appeax co 5a ox 


ugefel in irrigation studies. 
Palpant, &.8. 
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L253 ém imperter for Fiberglies Gcii-Hoisture Units, Eouthera 
= 


Fersess Experiment Station Geeasienei Papex igi, Pages La-20. 


Ge obviate seme of the disturbance of the seik in inserting electri: 


esi fesistence units. an inserter was Gevises fer use im the Vickeburs 
Salad tration Project. Tae devices had te be. sare ao it eould 


fate a 4-3/8 inch diemeter hele for incertion ef the resistence uni: 3 


éevice built wae on the seme pringiple as the selesors~type sate $ae% 
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Modifieation of the hoider for nylon resistance Bioeke ean be eceagpiisies. 


Palpant, a ead Beli, H.W. 


1€33 Comparisen of Four Types of Ei ectrics] Zesistance Instruments 


fer Hessuring Seil Moisture, Southeastern Forest Experinen: 
etaticu Geeasions!: Paper 125. Pazes 2-25. 


Periormance of nylen, plaster of paria, fiberglas, and plasie: of 
parié-Libergies vetistance umits wae deseribed for beth field and isbos 
SOry ChServallens. 

fhe teets indicated thet pexformance cf the unite is acceptable 
through the rasce of saturation, with the exception of the plaster of 
pavis units wraick did net ressond setisiacterily above Eieid capacity 
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Where the accuracy of moleture readings recda te be ee bea authors 
feel thet the fibergies waits are eesirabie, Peaperatus: 

taken giong wita the resistence readings. The necesei eet of carrestin me sell 
@eistere veadiess ger temperature was found to be emali at high moteture 
levels. At low moisture leveis a cousi¢cerable correction may be necessary. 
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Gypsum blecks were feund te be too large te be easily pushed inte 
the side of en auger hole and still retain goed contact between the soil 
and the block. i fiberglass and nylon wee however, could be easily 
pearieers = 


The guthere state there large numbers of umite are read daily. 
the meter designed fer the fiberglas unit is praferedic™. 


Palpant, BH, ‘Themes, J.L., end Helmers, A.E. 


1953 Switek Shelters foc uee with Soil Moieture Uaite, Southex 
fereae Experiment Station Occasional payen £28, Pages 2% ~30. 


Details for the construction and use of tem awiltch shelters, end a 
portable ewiteh are given in this paper. Thay ware veed in conjunction 
with the fiberzles solli-moeisture units. 


| A& the Vleksburg infiltration Project, eoleters units were used in 
eptacks of eight te ten. To facilitate daily Te these groups were 
wared to a multipole selector switch. — 


4 wooden shelter was used to house the svitch sbove ground. Where 
asowfall or rains are heavy, or vere the switch must be placed belee | 
geeund, a waterpreot installation, ouch es the plesighas housing ie de- 
sirable. 


The authors conclude, “Ga large installatiess of many stacke, che 
pertable ewiteh with a sturdy plug would prove the cheapest and simplest 
te insteli once the euitching unit kas been constructed”. 


Reinhart, K.S. 


1953 Instellation and Field Calibration of Fibergias Soil-Melecure 
Units, Seuthern Forest wg joa Station lecasicual Parer 
228, Pages 49+43, 


Installation of umits in auger holes is preferable to pita beecuse 
ef less disturbance to the site. Instellatien sheuld be made, Lf possible, 
wien the soil is moist so that the hole may be repacked guccessiully. ‘Tie 
waits are placed perpendicular to the ground surface. The wires ara led 
éounvard before belies brought to the surface me order to prevent water — 
movement aleng the wires to the units. 


Tre site ust be carefully protected from disturbance, Wooden 
platforms, well merked paths, and several feet of cable to the wale lead 
wires help to prevent trampling. Fencing will keep out enimais. 


The reading of the fibergies unit may be uged to represent moleture 
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eontent at a point, or over an area. The area 
and is more in keeping with the method OF feild « GML 


"Under the area concept the unit is installed in or oF renga to 
the area it is to cepresent -- at Vicksburg usualiy a plet 6 by & feet 
square. Zt is calibrated by drawing scil seuples at random from this 
@rea anc plotting the moisture contents of the samples againse the re- 
sistance determined at the time the samples are taken. The resistance 
is an index of averare soil moleture at a particuler soil depth over 
the entire sample piet. Thies is 2 distinct advantage, because the 
warkeé deviation in soil moisture that cecurs even within a emall ares 
gives the valwe for a single point little significance.” 


Reinkart, K.G. 


1984 Relation ef Soii Bulk Density to Moisture Content as it 
Affecte Soil Moisture Records, Southern Forest Euperiment 
Station Occasional Paper 135, Pages 12-21. 


In maay soils studies it is necessary te convert moisture con- 
tent im percent to inches depth of water. This paper points cat some 
of the difficulties involved. . 


In this regard, the taking of good bulk density samples is a2 
source of trouble. Texture, structure, organic matter, and shrinking 
and swelling with changes in water content, all influence bulk denzity. 


Of 90 regressions of moisture content on dulk density, 26 iadi- 
cated @ statietically significant relationchip, and 66 shewed decreasing 


buik density with increasing moisture content. However, the euther says, 


“,-.these regressione are aifected by the fact that soil welght per unit 
velume ig a common element in beth variables, and by the correlation aah 
tween wolsture content at a given tension and aeount of pore espace inde 
pendent of soil shrinking or swelling. It is believed thet the effect 
of wolsture content on bulk density of these soils is emali enough to de 
disregarded with respect to gravimetric sampling". 


The author concludes "...that even with gravimetric sampling it is 
uawise to attempt to adjust bulk density for variation in moisture coax 
tent (especially pexvcent by weight) because bulk densities determincd 
under dry conditions are likely to be inaccurate and because such ine 
verse relationships as have been found are due ouly in part to shrivkiog 
anc awelling of soii™. 


Bush, B.S, and Reinhart, K.G. 


1955 Field Tests of Nuclear Instrumente for the Measurement of 
Soil Moisture and Density, Waterways Experiment Station, 
U.S. Army, Corpe of Engineers, Miecelianeous Paper 3-1Li7, 
Pages 1-26. 


The results of field tests with nuclear instruments designed for 
the determination ef soil moisture and soil strength are reported in de- 


tail. Moisture measurement by this method requires a source sf fast 
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neutrons waich are slowed down or deflected by the molature in the scil 
Bensity detezsmination requires a source of gamma radiation waiech is de- 
Elected o¢ suffers loss ci energy depending upon the geil oaliey. 


Equipment includes a source of fast neutrons, (Radium D - Beryle- 
lium), @ source of gamma rays (Cobalt 60), separate probes: one fer 
moisture readings and the ether fer density readings, a ecaling device 
ani timer, access tubes, standards for moisture (water) end density 
{(eoncrete), and @ portable generator. 


the authors gay, “For users requiring measurements less frequent 
than in the Forest Service studies referred to", {up to 200 moisture 
readings a day) “the time savings resulting from application of ene cali- 
bration curve for general use (as compared te individual calibration 
ef electrical-resistance units) may more than offeet the additional tine 
required for individual moisture measurements". Thet is, the nuclear 
cGevice used required one curve for all depths while electrical units 
need to be ealitrated individually. 


Paysical Properties of Soils 


Duzing the period from June 1954 to July 1955, soil samples wer 
collected and analyzed from 614 sites in the Seuth, Northeass, maken” 
Central, and intermountein areas of the United States. for to this 
time the characteristics of 14 Mississippi sella had been examined. The 
data on 80i1 properties may be of interest to soil seientists. Standard 
methods were used throughout for both field and laberatery procedures 
and are described briefly. 

the data obtained for each soil series was as follows: 

i. Description ef Vegetation and Land Use. 

2. Topegraphic Fesition and Slope. 

3. TZextural Class. 

4. Mecnanical Analyses (by percent by weight} 

5. Oxganiec Matter (by percent by weight) 


6. Plasticity Constants (liquid limit, plastic Limit and 
plasticity index). 


7. Bulk Density (gtams per cc.). 
8. Soil Moisture (at saturation end at 0.06 atm. tension}. 


$. Stone Content (percent by volume}. 


o 34 « 
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Boss, 5. 9., and Broadfoet, W.H. 


1956 Preperties ef 91 Southern Soil Series, Southern Forest 
Experiment Station Occasional Paper 147, 15 Pages and 7? 
Vablee. 


_ hese $1 soil series were selected as typical cf the soile of the 
Guif Coastal Plein and the lover Mississippi Valley. 


‘Bechner, A.R., Jones, B.0., and Moyle, B.C. 


1957 Physical Properties of 134 Soils in Six Northeastern 
States, Mortheastern Forest Experiwent Station Paper 29, 
10 Pages and 11 Tables. 


The 79 series were considered to be typical cf the padeclic euils 
gt the Appalachien Plateau Province in Feunsylvania and New York an’ the 
southern portion of the Hew England Maritime Province. 


In addition, this paper presents relationships between buik den- 
sity and sell texture and orgenic matter content, which may be summarized 
es follows: 


"The overwhelming importance of organic matter - and, by inference, 
manegement practices - in reducing the bulk density and thus iacreasing 
the tetal moisture-holding capacity of the soll was demonetrated. Soil 
texture has a less important role in determining bulk density.” 


“Probably the mest important effect of texture in the surface scil 
is ite influence upon organic-matter accumulation. The significant cor- 
relation of clay and organic-matter contents agrees with general obser- 
vations that organic-matter accumslation is favored io finer-texturad 
seils. This relationship doee not eppear to koid for the 6 - 12 inck 
depth. There, the direct effect of texture on bulk density becomes more 
epparent." | 


Taylor, Robert BE. 


1956 Some Preperties of 144 Soils from Three Intermountain States, 
Intermountain Forest and Range Experiment Station Miscel- 
Laneous Publication Number 7, 6 Pages and 4 Tebles. 


The area covered included couthern Edaho, Utah, and the eastern 
edge of Revada. 


Fifty-three soil series are listed. Soils were identified when- 
ever possible from United States Department of Agriculture descriptions. 


“Soil survey paps and descriptions which were of valuable assistance 
dm identification were supplied by both the Utah and Idehe Seil Surveys. 
_ +E spite of these efforts, 45 soils could not be identified ss to series 
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and are designated as dasert, desert playa, slluvial bectem, mountain 
yalley, er mountain solie im the tables. Eeariy ali the unidentified 
soils were in areas that hed net been surveyed, theugh a number were in 


2 


eurveyed areas waere they could mot be correlated with known series.” 
 fhemes, Joha L., and Swensen, Edwond I. 


1956 Properties of 1560 Sells ef Feur Nerth Central States, 
Lake States Forest Experiment Statien Paper Number 135, 
© Pages and 5 Tables. 


Sixeyefive soil series vere listed. Twenty-one soils were nes 
elassified. 


The soil series saapled were considered to be typies? of the 
g@ils ia the prairie and gieciated regions of chis sertion ef the 
Widweet. The states covered included northern Illincis, fewa, Minnesota 
and Bigconsia. 


Broadfoot. W.i. and Baney, W.A. 


i954 Properties Affecting Water Relations and Management of 14 
Mississippi Seils, Mississippi State Gellege Agrieuitural 
Experiment Stetion Bulletin 521, 13 Pages. 


fhe fourteen soils cescribed represent the principal scils of 
Mississippi. in this study cheracteristics of the soll profile are de- 
seribed fer ail 14 sells. Infiltration rates were determined for ten 
of them. | | 


Soil Moisture Relations 


fhe studies in coil moisture prediction were discussed az Length 
im Part i. “hie material, however, is net availeble for general use. 


Papers ilsted here treat specific phases of the work on acil z 
moisture and have been published in journals which are readily avaliable. 
Fae eubjeets cevered include woisture in the forest fleor, field wmexiaum 
moistere content, 2 summary of the prediction method, an annotated bisii- 
ography on evapotransplration, 2 discussion of the available water storage 
in the soil in relation te infiltration, and a consideration ef the soil 
meisture regime in ferest and non-ferest soils. 
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Breacteor, 4. HM. 


i$33. Weicture in Hardwoed Forest fieor, Seuthern Forestry Netss — 
Number 85, U. S. Forest Service, Fagez 3-4. 


"Jn the moisture studies at Yiekeburg, Mississippi during ¢he sawn- 
mex cf 1952, it was found that a hardweed forest fiecor (organic debris 
deowa te mineral seiil) of 1 inch averege depth would Llese, within 3 days 
follewing Light ghewers, 96 percent ef ite field moisture. The sterege 
eapecity of the hardeesd flcer was 0.12 inch of water.” 


“She first day following rain of approuimately @.2 inch (measured 
underneath the forest canepy) the moisture conteat ef the ferest floor 
eupunted te 56 pereent of the storage capacity, and oa successive cays. 
until the Sth dey, the aeleture wae 25, 19,5,and Spercent ef storage 
capacity, respectively. At no time during the unucually cry eummer ¢ié 
the moisture centent ge abowe 58 percent ef staerage eapacity. Howe UGE» 


is could reasenabiy be assumed that the moieture centent would reach 90 


so 100 gsercent of storage capacity, er about G.1i inch moi sture; under 


_wWanter conditions of frequent rainfall end low evaporation losses." 


"Ene chenge im forest-fleor moisture centent following precipita- 
tion wes affected semevhat by the length of time the ferest fleor had 
been dry. For exemele, a 0.1 inch shower following a dry period of 2 
weeks er longer would add water equivalent te only 12 pereent ef the 
stexage eapecity, whereas a similar ehover éellowing & previous marge 

s¢ 


_by 3 days would add moisture equal to 45 percent of the storage capac: 


Carigon, Gharles A., and Plerse, R. &. 


8855 Tre Fleid Meximam Moisture Ceatent. Sell Sei. Ece. of 
fmer. Free. 219¢1): 81-83. 


"fhe field maximum weisture content ia defined as the aatursliy 
eceurring wet Limit of a soil er aesil layer in i¢s natural pesition. 
Jalues were cbtelned by selecting recurring peak values from daily 
recerds of geilensisture content. For most @ilse the values tended to 
eolneide with the 0.06 atmosphere soil-moisture tansion values ef care 
samples. in poorly drained scils the field maximm sepreackes the torai 
pore yvolume. The field mexignm helps characterise the full range ef 
naturally ceecurring seilemeisture content.” 


Garlson, Charies A., Reinhart, K.G., and Horten J.5. 


2195S Predicting Moisture in the Surfece Foot of Soil. Soil 
Sci. Soc. Gf Amer. Proc. 26(3): 412-415. 


"A methed ef predicting moisture content in the surface feot of 
e021 has been developed by the U. &. Forest Service in cospersties wits 
corps of Engineers, U.S. Army. By this methed moisture can be pre- 
aheteé for @ given soil from the wettest te the driest ecenditen that 
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naturally cceurs. fn develooment cf the mentnod. seit we: 

veLletions were determined from detail Led 2021 HOLsSture ana comsurrenk 
weather records. Wetting in the surface foot wae found te depend ee 
warily om the aueunt ef rainfall and the amount of space avellebie for 
storing water. Orying varied with the moletuse level ef the soil; it 
followed the characteristic curve fer exch sesson. Information nzeded — 
Sor prediction ~ ia addition to the wetting and drying releatiorsaip - 
includes the fi¢le2 uanxnism moisture content, trancition dates for che 
seasenal depletion curves, and the sice of the enaliest steam yaich 
effects aoil moeistuse. Reeoarde on prediction relations are being eb- 
tained for 146 experimental sites — the United States, .  AAaak es 


aud roe Rice.” 
wall. Bovard co | 


1953 Svapo~Prsaspization: iat) pe Selected References, 
ern Forest Sxperiment oa Pecustonal Peper 131, 
117. cally . 


this publication contained 76 abstracts fron selected wefevences 
under the foliewing subject headings: 


General Diseussion; Evaporation; Transpiration; Reota and 
Soil Molature; gad Reots. 


"From the aore recent research, one coriélanion stands out which. 
is as important es.it is si=ple: Buring the growing season, rates af 
avapotranspization are governed first by the availability of water evp- 
plies. When and where supplies ave azpla, rates are controlled by at- 
mespherie fectore, the nature of vegetation, or both acting tosetker. 
Ghere euppiies ave Limited, the rates ef lese ere erincipeliy a funczion 
ef the amecat cf available eeil moietuce. Po this must be added the ob- 
servation that, country-wide, supplies mre fer the most part limiscing." 


Moyle, R.G. end tdiner, Ee 


1854 Soil Msisture as Affected by Stand Conditions, Southers 
Forest Experiment Station Geeasionsl Parer 137, 14 Pages. 


Seil Holetere depletion was measured under six different forest. 
conditions in seuthers Arkensat. Available moisture was measured at 4 
deptha (6-6, 6-12. 20-26, and 62-48 inches}. Three of the sizes kad 
been treated te cemove some or ail of the vegetation ane the other three 
had been left ferested. 


@he guthors state: "here pine o¢ Rardvocd tants with a stocking 
ef 76 to 100 square feet of basal srea were undisturbed, water was re~ 
moved from the ground rapidiy with the onset of hot, dry weather. Sn 
plotea where Large cull hardwoods were deadened, and where all ifving 
bie rie wae removed, soil water =o relatively —— throughout 

€ sumer." 


-« Sumer rainfell was light and moisture added to the ground was 
quickly lest by: evepoteanspiration. 
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“Geil water depletion was greater where «li vegetation hea been ger 
moved than wrera only the culls had been dendened, but this ciivexence 
was apparent only im the surface layers, (9-18 imczes}. Below the effec 
tive gone of evaporation on these sites, evil water remained at a sather 
eenstant high level." 


fie suthors conclude that serious consideration eheuld be given te 
stand trestmente «hich wight conserve moisture fer more desirable species. 
They point out chat the summer drought is almost a yearly event in the 
weatern part cf the shortleaf-loblolly pine-hardwood type. 


Reinhart, K. G., and Taylor, R.E. 


198% infiltratien and Available Water Capacity in the Soil. 
fcans. Amer. Geophye. Union 3345): 791-795. 


"antecedent soile-moisture content has leng been recognized as one 
af the important facters affecting infiltration rates of most goilsa.” A 
study en an uplend silt loam eite, and a low-iand silt leam site on the 
east bluff of the Mississippi River shed some light on the inter-relation- 
ship between infiltration rates, soll moisture content, and available 
Storage. 


it was found that the amount of infiltration inte a soil colum of 
@ given depth was equivalent to the amount of water percolating throug? 
the colum, «aad also the emount retained within the colum, the lattex 
being limited by the available storage. 


Im this study it appeared that regardiess of the antecedent moleture 
conditions infiltration at a given site tended te level of £ at the same 
walue. The greater the entecedent storage, the longer it tock to reach 
this level. 


In applying artificial rainfall at intervaie of 1, 2, and 4 hours, 
the authors found the infiltration rate after the drying perisd appereat- 
ly exczeded that before the break for the first 10 minutes, however, the 
vecovery cf aveilable storage after completion of the runs was quite Low. 


Rainfall recerds and moisture contents in the soli before and after 
storms were evaluated te see if the rainfall rate exeeeded the infiltra- 
tien rate. Lateral flew from adjacent areas caused soil moisture leveis 
to be higher than could be accounted fox by the rainfall and prevented 
the making of a valid comparison. 


The authors cenclude, "These tests were axploratery. They de- 
wongtrate the possibilities of using scil-msisture records rather than 
orcving their worth. This approach ie feasibie only when the 2oil mois< 
Sura records inmelude the full depth of msizeure penetration. For soils 
studied, the relationship between emount of accretion and amount of in- 
Ziltration is generally good..." 
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fhames, Joan L., SteeckeLer, Joseph H., aud Tobiagki, Bebert 


£955 Soil Moisture Regime in Some Forest and Hou-Foerest Fites 
in Northern Wieconsin. Soil Sei. Sec. Amer. Prose. 19¢3): 
381-284, 
4 
A forested site and a “timothy hay” site beth on Spencer silt 
loma were compared. in the aurface one to two feet, the ferested site 
bad less total water and lese availabie water than the "timothy hay” 
site during the middle and lete summer. Heavy depletion by the reot 
zone of the forested site, a thick Layer ef leaves, duff, and mame, 
and interception of precipitetion by foliage were believed te be the 
seasone. The “timothy bay" site had bulk densities 25 and 32 percent 
greater in the surface foot end two feet respectively. 


Seo forented sites on sends were compared. Gne had a water 
table at 2.0 feet from the surface, and the other at 4.5 feet. Buring 
moet of the groviag seasen, the high water table site had $.4 inches 
more water in the surface foot, or about 4 percent more by wolume in 
the susface 2 feet. Hore capillery water in the high water table eite 
is believed to be the reason for the greater moisture in the upper two 
feet. The low water table site was predominantly jack pine and espen, 
while the high vater table site had been invaded by black spruce and 
tamerack. Buying tae dry portion of the growing season the water table 
aroppec 1.3 fcet on the high water table site, and 1.5 feet on the other. 
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SUPPLE 


Taig supplement contains selectiens from the Vickeburg work chat 
have been completed since 1957 ox are mow im precess cf being aublieked. | 


Bassett, J.R., Rush, £.S., Swensen, Z.i., Tobiaski, R.A. wad Andrew,L.. 


4195S The development of methods for predicting esllemoistura cont 
and soi strength: Repert om the Fuerte Hice Extension. Pare 
Service, U.S.0.4 and U.S. Army Engineer Haterwaye Experiment 
Station, Cerps of Engineers, VYiekeburg., Nies. Technical Report 
(Geing veproduced by Army Zagineers). 
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, Data collected from Hay 1955 to June 1956 at 30 elites in Puerts 
Rico vere used to develop a method te predict soll-moisture content and 
soil strength im the O- te 6-in. and 6G- te ige-in. iayers of soil. The 
prediction method which had been found applicable to sites in the con~ 
tinemtal United States and Alaska was applicable to Puerte Rican sites 
alse. 


| Average prediction relations derived from 8 prediction develenmment 
sites fer the G- to 12"in. Layer yielded predictions of soii-moisture 
eontert which varied from those actually mnusured within the ordex of 
0.3 in. water per Gein. of soil, or 3.5%, when used im the prediction 
wmathod aud applied to the 3 prediction development and 22 survey sites 
in Puerte Bico, Hewever, prediction at some individual sites was of «2 
 wuch lower order of accuracy. 


Average prediction relations derived from several prediction de- 
welopment sites located in drier climates of the coutinental United 
States yielded less accurate (0.39 in. water in the §« to l2-in., layer, 

. equivalent to 4.6% soil moisture content) predictions of soll<moistuce 
content when uged in the prediction methed and applied to the 3 pre«- 

_ diction development and survey sites located on wet arene of Puerto 

Rico. These prediction relations were unsatisfactory principally 

dSDecause their everage depletion curves, based on United Stater data, 
were considerably different in shape from the average depletion curves 
 besed on Puerto Rican dats. | 


ine Ga 


Soiie at Puerto Rican prediction developmant sites remained com 
_ pavatively wetter throughout the year than solia at prediction developannt 
ites in the Unites States. 


/ The yearlieng average daily rate of soellenmeisture loas in the 
G» to iZg-in. layer of soil in Puerto Rico slightly exceeded cne haif 

the average summer rate and about equaled the spring-fali rate in himid 
 ¢limates of the United States, including Alaska. Sollemoisture depletion 
wakes in Puerto Rico did net scem to be affected by season. 


the relatively low rate of soil moisture depletion in tropical 

—i“‘s WORE, A@S Of Puerto Eles, as compared to drier climates im temperate 

i‘; MN, DPeEaree to be due to the accumulation of the effects of physic< 
Logical processes or environmental factere such az high arid frequent 

ee ‘Frainiall, microelinmatic "vapor blanket”, shorter cummer daya, lower maximus 

summer temperatures, and the wesker caloric effect af the tropical sim, 
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Gone index-wolsture content compe eh got plated falz 

wlth an average deviation af 18 econeoin ade: x amid te fee the range of 
miature enceustered; average minimum cone index for the preliction 
development aites wee 203. Rating cone index-molature conte ae eoupari " 
nous correlated faiwly well, with an average deviation ef 21 rating» 
eone-index units for the range of moisture encountered; average si nissun 
gating cone index for prediction development sites with soll-strenach 
data was 166, and the range of minizum rating cone imdexee was from 

109 to 234. Remolding index-moisture content correlations were poo; 
the range in remolding index was from 0.74 to 1.03. 


Om the basige of rating cone indexes, the trafficabiii ty of the 
Puerto Rican sites tested was generally geod. 


 Amalyeis of moisture content aad come index, rating cone index 
and remolding index ger the § prediction development sites revealed 
the following average deviations: sone index, 18; rating cona index, O12; 
remolding index, 0.05. 


Breadicot, W. ii. and Eurke, H. 0. 


1953 Soll-Moisture Constante and Their Yeriation. U.8.%.A. 
Rerest Service, Southern Forest Experiment Station, Oc- 
cassional Paper 166. 


Thais paper is an asecummilation of average values, on sali moleture 
constants, frou Litereture and Vickaburg research, The average #931. 
weieture content of the J.8.D.A. soil textures ia given for some #02) 
meleture congtents: field capacity, wilting point, tensien values, 
£leid maximom, field minima, moigture equivalent and others. A dis- 

suegion of the soil moisture constants in relation to land use is 
presented, A means of estimating bulk density ef seil from soll proper= 
tiee ia also iacluded, 


Burke, &. BD. anc Kyumbach, A. W., Jr. 


1959 Bitcogen Probe for Soil Moieture Sampling. In precess ef 
publication by Journal of Geophysical Besenr eh. se 


Uolature determinations were made on soil samples frosen te sol Low 
probes into which Lieuid nitregen (boiling point ~320.4% F.} had % 
poured. Seuples were obtained ever a range of soil molature br uw 
vom 4 te ever 120 percent. Yalues cewpared closely with those u 
mere conventional metheds. Thie procedure was Regelened’ to obtal: 
Samples containing free water. It mey be useful for obtaliuing samples 
of sett sediments and for calibrating indirect methods of soll aol oture 
measurement through the full range of soil moisture. 
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1959 Prediction of Soil Moisture from Soll and pas oe Beecords. 
aper te be presented at Syepes ia on Ferest ane Hater and 
Lyéimeters. international Geophyeical UVaion, aes ‘er~ 
Buncen, Germany. eer rpe 4933. 


Pnic paper presents the aie processes of aeoil moisture prediction 
and belefly digeusses soil moisture accretion end depletion, field 
taximem and minivam mpisture contents aud the application and testing 
o£ the method fa the United States. 


Keumbach, A.Wo, Im. 


1953. Sampling Intensity for Determining Horizontal and Vertical 
Varlation of Soil Physical Properties on a Leesstal Sotten 
Soil near Vicksburg, Miss. A report in progress. 


Prediction accuracy for soil moietuve ead strength is governed 
by the accuracy to which the factors used in the prediction system can 
be measured, There is, then, no point in trying to refine the pre- 
Giction system more closely than the factera which go into the syatem 
ean be measurec. Soil physical properties constitute « major portion 
ei these factors. 


In a particular soil, the abeoclute vaiue of 2 soil property varies 
from poiut te point, end from depth to depth. Proper characterization 
of this variation determines the accuracy te vnich the property is 
measured , 


In sampling, the number end specing of obeervetions determines 
how well variability is measured, and ultimetely, the accuracy of 
the estimate cf the property in question. 


Conceivably moisture-strength migut have to be predicted for any 
aeii in the world. So, it was decided to undertake a program to 
eharecterize variability of soil physical properties for each genetic 
group of solis, end to begin this program by intensive studies on a 
#¢ii within the group, which would be as variable as any encountered. 


Lvessial soils were chosen and a bottom soil was selected fcr the 
test area. By nature of its origin, ite physical properties would 
probably be as variable ag any encountered in the icessial group. 


Study objectives were, 1) to determine the effects of spacing of 
observations on accuracy, and 2) to find out how many observations per 
sample were needed to estixate a property to desired accuracies. Thus, 
if spacing proved to not be a factor on this soil, it would be assumed 
that on less variable loessial soile, it would not be a factor, and, 

‘soil property measurements based on the number of observations determined 
necessary for any degree of accuracy, would result in just as goed accuracy 
en similar loessial soile, and better accuracy on less variable soils. 
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qa adaitiea te é sieength measurements, Anterberg limits, bulk 
Gceasitv, B0i2 eexture, “oii meleture, and orgesic mater content ware 
measures. Gn a S09 by Geist. plet, 125 observations ware wade im 3k. 
increments down te LS inches below the susface. 


aa 


fhe major zepults of the study were: 


1. Regardless of speciag interval, feem 2-1/2 te 50 feet, 
pega of eagoneemnS ef any property did not vary aignifieantly. 


Bs Soil mmietare ie ais ree was the came at 29.44 Bes and 
at field maxisam (36.06 Beg) 


Ss tn the G~- to lZ-in. soll Oe nee in microrsiie? 
fzom 0.3" to 1.G-f¢. sould account fer a large portion of the 
weriation in soil wmolature and density. . 


4. Enereasing chances of beiug wreng from 1, te 10 times 
4p 100, wouid siisw sampling tc its arin eceuracies with generaliy 
less than 20 shservatilons. | 


Stearns, F. - and Garigon, C. A. 

1959 Soma Coxrelations Between Solar Badietion end Other Eaviron- 
mente, Pactors and S041 Moisture Bepletion. Jeuraal Gas- 

° physical Research, (In Press). 


‘the relationshios cf colar radiation ead ether fectors with meieture 
loss were examined for the purpese of broadening she usefulness of soli 


 moieture prediction methods, Data were obtained from an upland meadow 


Site on icess in Miesissipp?. Relationships were examined by commuting 
eorrelations betwacn environmental factars and measured molature less. 
Correlations ware calevlated for three-day periods when eo0il moisture 
was in the upper half of ite range, using drying periods a | 


| Highest correlations of single factors vith scisture loss were _ 
ebtained with sei] temperature aud evaporation pen data (xr -0.79 each) 
with a slightly lower value for solar radiation (¢ -0.76) and progres- 
sively lower values for air temperatura, vapor pressuxe deficit, and 
humidicy. Correlations with soil vere ox evavecation were not 
vastly impreved by adding other factere in conbinatioa or with curvi- ’ 
Linear functions. The highest correlation for a single factor was 
ebtained between the site derived depletion curve and ee moleture 
less €r -0.85). Four redlometers were also evaluat . 
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Stearas, 2. We (Past 2), end Rich, RB. W. (Part TZ) 


«4359 Francition Rate Daeataduation as Baleted to Climate, SokE 
anc Vegetation, Engineer Miscelignsous Paper. (in Process). 


Srensi tion dates batwoen Seac0ns are essential to the Vicksburg 
syatem of soi] meloture pradiction which depends upen the application - 
of seasonal depletion curves. These dates ware originally derived by 
ingpection of the soil moiature record. Methods of estimation of © 
trensition dates have also been derived and include the appliestion 


of average seasonal evapotranspiration levele to computed curves and 


the observation of phenolegic condition of the vegetation of the avec. 
Em Part I these methods, the festors affecting tranaicion dates ani . 
the methods of estimating are diceuszed and the resulcant dates comparsd. 
Other approaches to the estimatien of traged tion dates, primarily thraugs 
the we of climetic data, are suggested. — 


Part TY. dipcusses @ teat of the effect of ehiite in transition 
Gate on the accuracy of soi] moiature prediction. Data from 7 sites 
Smeluding 17 site yeers were used in thie test. The gites chosen 
fell along the 96th parallel fvom Vicksburg, Miss., to Rhinelander, 
‘Wise., and were gimilar in that they were all wetnese index If sizes 
Located on logn soila. | 


| Results indicate that transition dates ury be estimated from the 
xeeord of the 6- to iZ-inch depth only; the O- to G-inch depth ia 
eonsiderebly less seneitive to ehifte in date. Rainfall during periods 
Sf depletion rate change infiuences sensitivity of traneition dates, 
in particulier reinfall tends to delay the date of the change te summer 
end to hasten the shift to autumn. A mathed of computing dates ie — 
suggested and the computed dates used in the analysis. It was found 
that the spring to summer date must be egtimated most accurately for 
satisfactory prediction accuracy (within plus or minus 5 to 10 days) 
while progressively greater leeway was permissable in estimating the 
 gpring, autumn and winter datas (winter dates acy vary more than piue 
er minus 15 days without seriously influencing prediction accuracy) . 
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